Infiltration and sediment production rates, under simulated rainfall, were determined for plots covered with muleear wyethia and on plots from which wyethia had been replaced by grasses as a result of spraying.
Infiltration
is an important process in replenishing the soil moisture that eventually supports all vegetative growth and herbage production.
It also determines the amount of water available for surface runoff and peak flows from excess precipitation that is not transmitted directly into the soil mantle.
A knowledge of infiltration capacities by soil types or specific conditions is of paramount importance, especially in cases where infiltration can be modified through the ameliorating influence of growing vegetation and the impact of various land use practices.
The infiltration characteristics of the Ao horizon determine immediately the amount of water that will enter into a virgin soil. The physical properties of the mineral surface which influence the amount, size, and distribution of soil pores, also exercise important influence on infiltration capacities. Many of these properties are amenable to modification through management practices and by the amount of living and dead vegetative material present in the area. A comparative study of the infiltration rates, therefore, provides a convenient method for evaluating the influence of existing vegetation and other land use practices on flood protection and erosion hazards. The soil particles dislodged and carried away as sediment in storms of known intensity and duration are an important measure of the soil stability of an area.
On large areas, infiltration rates can be obtained by analyzing rainfall and runoff data collected for storms of different intensities and durations, a procedure that provides integrated rates for entire wa- tersheds. Such large land units, however, are often heterogeneous in vegetation, soils, geology, climate, and topography.
The relative importance of a given vegetation and a contemplated land use can be more easily determined through artificial application of simulated rainfall on small experimental plots.
Rain-simulators have certain advantages over infiltrometers of the flooding type. Infiltration rates measured by the latter are different from those under natural conditions in several ways. Raindrop impact, important in soil detachment and, therefore, essential in any rainfall-erosion study for evaluating the protective role of vegetation, is not provided by infiltration rings that merely pond water at the soil surface. The rain simulators, on the other hand, create conditions whereby puddling of soil surface and movement of detached soil particles reduce surface porosity, as in natural rain storms.
The rain-simulator infiltrometers used extensively for studying hydrologic response of rangelands include the Northfork infiltrometer (Rowe, 1940) , the Rocky Mountain infiltrometer (Dortignac, 1951) , the Intermountain infiltrometer (Packer, 1957) , and the mobile raindrop applicators (Osborn, 1952; Barnes and Costel, 1957) . Because of limited plot size the infiltration and sediment data obtained from such devices are useful primarily in relative comparisons of different treatments or soil and site characteristics (Dyrness, 1967) . The previous studies on rainfall erosion are reviewed by Smith and Wischmeier (1962) , who aptly stated that the greatest deterrent to soil erosion was plant and litter cover. A review of the relationship between infiltration and soil erosion, and the erosion potential of forest watersheds, has more recently been made by Dyrness ( 1967) . An excellent review of infiltration and erosion studies on rangelands has similarly been done by the American Society of Range Management (1962) . Dortignac and Love (1961) found that the weight of dead organic material and non-capillary porosity of surface soil had the most influence on infiltration.
Of the nine site characteristics studied by Packer (1951) , the ground cover density and the size of bare openings were found to be most closely related to quantities of runoff and erosion.
Infiltrometer tests on the sub-alpine range in central Utah have shown that a ground cover of 70 to 75% was required for effective control of storm runoff and sediment (U.S. Forest Service, 195 1).
Experimental Procedure
The Rocky Mountain infiltrometer used in the study has a plot measuring 11.7 x 30.4 inches. The plot frame is 6 inches in depth, of which 3 inches are driven into the soil. A rain trough, 1 .l x 30.4 inches, is mounted on each long side of the frame to provide a measure of the rainfall ap-123 124 SINGH (Bailey, 1941; Bailey et al., 1947; Marston, 1952; Meeuwig, 1965) . It was, therefore, decided to study the extreme effects of such storms by applying rainfall at an intensity of 4 inches/hr. Preliminary runs suggested that a period of 50 minutes was sufficient to obtain steady or nearly steady infiltration rates. A height of 7 ft, estimated for the falling raindrops to attain terminal velocities equivalent to those under natural storms (Dortignac, 1951) , was maintained during the field measurements. Twenty plots were used in paired comparisons in which wyethia plots were treated side by side with grass plots. The exact placing of the Rocky Mountain infiltrometer plot frame was determined by dividing each experimental unit into two plots, of which one was taken as decided by a random selection.
The percentage vegetation, litter cover and bare surface on the plot area were determined just prior to each infiltration run (Table 2 ). To minimize variations in surface soil moisture, the sample plots were brought to moisture content near field capacity (Dortignac, 1951; Adams et al., 1957; Meeuwig, 1965 ) by placing burlap bags over the soil surface and applying a total rainfall of 2 inches in 30 minutes. Particular care was taken to avoid excessive runoff.
The wetted plots were covered by tarpaulin sheets and allowed to drain overnight. Runoff was collected at the end of each IO-minute period and measured with graduate cylinders. Proportional samples, or aliquots, of runoff were also taken for determining the sediment produced during each IO-minute interval.
Results and Discussion
The average total infiltration for the SO-minute period was 2.28 inches for wyethia plots and 1.98 inches for grass plots. Although the infiltration rates of the former remained higher than those of the latter throughout the infiltration run (Fig. l) the difference was found to be nonsignificant at each location.
The slightly higher infiltration response from wyethia plots was partly due to the resistance offered by its broad leaves to raindrop impact (Duley and Domingo, 1949; Ellison, 1945; Lassen et al., 1952; Osborn, 1954; Rauzi and Fly, 1968) . As evident from Table 1 were combined for further analysis. The average rates thus obtained at each location are shown in Table  3 . The infiltration rates are characterized by an initial high rate that decreased rapidly at first but more slowly afterwards till nearly constant rates were attained after about 40 minutes of simulated rainfall.
A number of factors contribute to this change, e.g. puddling of soil surface and closing of soil pores from raindrop impact, swelling of colloids, and decrease in available storage space above a restrictive horizon.
The effect of such changes becomes less pronounced as rain continues. Average infiltration rates (Y inches/ lo-minute interval) were, therefore, expressed as a negative exponential function of time (X minutes) at each location: 
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The total infiltration rate for the entire run averaged 2.74 inches,/hour for wyethia plots and 2.38 inches/hour for grass plots. The rates are higher than those determined by Dortignac and Love (1960) with the Rocky Mountain infiltrometer in an extensive study on the pondersosa pinebunch grass type of the Colorado Front Range. The average infiltration rates obtained by them for the last 20 minutes of a 50-minute sprinkling application on pre-wetted soils at a rainfall intensity of 4.5 inches/hour were 1.94 inches/hour for pine grass and 1.50 inches/hour for grassland. The corresponding rates for wyethia and grass plots in the present study were 2.52 and 2.04 inches/hour, respectively.
The higher rates at Mud Flat were due to greater vegetation and litter cover than at Buyer's Place. The total vegetation canopy cover and litter averaged 71% at the former compared with 58% for the latter. These are considerably less than the 70y0 minimum ground cover density (plant basal area and surface litter) requirements recommended by Packer (1951) to control runoff and erosion on the steep grass ranges of Boise River watershed in Idaho when simulated rainfall at an intensity of 3.6 inches/hour was applied for 30 minutes. At Mud Flat, eroded material was initially greater from wyethia plots than from the grass plots; the largest quantity of sediment was produced during the 20 to 30 minute interval from the former plots and during the 30 to 40 minute interval for the latter plots. The sediment rates decreased more rapidly from wyethia sites so that the total sediment collected from the grass sites averaged slightly oreater than the wyethia plots for the entire 50-a minute period. The trend appeared to be the result of greater accumulation of duff under wyethia plots than under grass plots. Considerable movement of this light material was noticed from wyethia plots early in the infiltration run and the quantity dropped rapidly thereafter. Sediment movement for the grass plots, on the other hand, involved mineral material that moved more slowly and more consistently throughout the test run. At Buyer's Place the peak sediment occurred in the first IO-minute interval for the wyethia plots and in the 10 to 20 minute interval on the grass plots.
The total sediment rates for the 50-minute period did not differ significantly by vegetation types. The combined data from wyethia and grass plots showed earlier sediment peaks at Buyer's Place than at Mud Flat. The factors responsible for high infiltration capacities generally account for low sediment production.
Increased erosion rates, however. have been observed to accompany increased infiltration rates following intense fires (Pillsbury, 1953) .
The total sediment produced at the two locations The erosion resulting from storms of 4-inches,/hour intensity, maintained continuously for 50-minute period (a rare occurrence), is considerably lower than from many other land uses (Ursic and Dendy, 1963) , and well below the acceptable maximum soil loss rates postulated by Shrader et al. (1963) .
As these rates differ widely according to soil types, further work needs to be done to define quantitatively the acceptable levels of erosion and run-off for determining adequacy of soil-protecting cover.
Further tests on the regression equations showed that the regressions were not significantly different by locations.
The data were, therefore, combined in an attempt to obtain single regression relationships for each category: where X is time from start of run up to a total of 50 minutes. These provide relative estimates of average infiltration within precision of 1% (Fig.   3, 4) . of wyethia and grass plots were kept to the minimum by the paired test procedure adopted in the study. The above-mentioned regression relationships, based on research data from two widely separated locations, strongly suggest the possibility of extending the experimental results over other areas of similar plant-soil conditions. In view of the direct relationship between infiltration and overland flow, the study supports the hypotheses put forth elsewhere (Satterlund, 1967 ) that vegetation can provide a precise indication of potential runoff, especially when the broad formations are considered in more detail, particularly in the arid and semi-arid regions where total water supplies are scanty and limiting.
The integrating and ubiquitous role of vegetation as site indicator has wide acceptance in ecology. The concept of plant community as an expression of total environment, and therefore its single most important indicator, should be explored further and usefully applied in the context of infiltration-runoff-sediment interrelationships, thereby providing broad and acceptable estimates of the impact of specific site and vegetation conditions for which no information of wide extent is available otherwise.
